Background and objective
Results
Of the 153 patients with symptomatic BAS, 114 (74.5%) were treated with a statin after experiencing a stroke. Statin therapy significantly prevented the progression of symptomatic BAS (7.0% vs 28.2%) and induced regression (22.8% vs 15.4%) compared to non-statin users (p = 0.002). There were 31 ischemic stroke incidences and 38 composite vascular events. Statin users showed significantly lower stroke recurrence (14.9% vs 35.9%, p = 0.05) and composite vascular events (17.5% vs 46.2%; odds ratio [OR] , 0.29; 95% confidence interval [CI] , 0.13-0.64) than those not using statins did. Recurrent stroke in the basilar territory and composite vascular events were more common in patients with progression of BAS than they were in other patients (OR, 5.16 
Introduction
Intracranial arterial stenosis (ICAS), an important cause of ischemic stroke, accounts for onethird of strokes in Asians who show a higher prevalence than Caucasians do. [1, 2] According to several Asian studies, intracranial arterial disease (IAD) accounts for 33-50%, 47%, 48%, and 10-25% of all stroke cases in China, Thailand, Singapore, and Korea, respectively. [3] Approximately one-third of posterior circulation strokes are caused by large artery stenosis of the vertebral, basilar, and posterior cerebral arteries. [4] [5] [6] The prevalence of ischemic stroke in patients with symptomatic basilar artery stenosis (BAS) was reported to be 8.7% in Korea. [7] In the Warfarin and Aspirin for Symptomatic Intracranial Disease (WASID) study, BAS had the highest stroke rate in any vascular and stenotic artery territory (15.0 and 10.7 per 100 patient-years, respectively). [8] Symptomatic ICAS is also known to frequently progress, which is related to increased risk of vascular events or death. [9] Statins, which are 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, have been shown protective effect on progression of atherosclerosis in the coronary, carotid, and intracranial artery atherosclerosis. [10] [11] [12] Guidelines for the prevention of stroke in patients with stroke from the American heart association of 2014 recommended that statin therapy reduced should be initiated for the secondary prevention of patients with ischemic stroke or transient ischemic attack presumed to be of atherosclerotic origin. [13] Several studies revealed preventive effect of statin after ischemic stroke with or without symptomatic intracranial atherosclerosis include middle cerebral artery or basilar artery. [14] [15] [16] However, recent study showed the difference of plaque characteristics between anterior circulation and posterior circulation.
[17] Therefore, we performed this study to retrospectively investigate the preventive effect of statin on the progression of symptomatic BAS and stroke recurrence.
Methods

Study population
Patients with BAS-induced acute ischemic stroke were retrospectively selected from the stroke registry of Seoul National University Bundang Hospital (SNUBH) from April 1, 2003 to June 30, 2014. Using the electronic chart review method, the records of the selected patients were further screened to determine if they fulfilled the inclusion or exclusion criteria. The inclusion criteria were: (1) acute ischemic stroke identified using brain magnetic resonance imaging (MRI) within 7 days after stroke onset, (2) large artery atherosclerosis according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria, (3) BAS-induced ischemic stroke, and (4) existence of follow-up magnetic resonance angiography (MRA) image of the intracranial artery after an index stroke.
The exclusion criteria were: (1) embolic stroke or existence of high and medium risk of cardioembolism by trial of org 10172 in acute stroke treatment (TOAST classification) to investigate effect of statin on intracranial atherosclerosis. [18] (2) patients with vertebral artery stenosis; (3) nonatherosclerotic vasculopathy, such as dissection, vasculitis, and dissecting aneurysm; and (4) patients who underwent angioplasty or intravascular stenting. We collected the following information from recorded patient data: (1) demographics (age and sex); (2) medical history of transient ischemic attack or stroke; and (3) presence of cardiovascular risk factors such as hypertension (preadmission history and medical records), diabetes mellitus, dyslipidemia, and current cigarette smoking. The study was approved by the Seoul National University Bundang Hospital institutional review board.
Baseline and clinical assessment
The National Institutes of Health Stroke Scale (NIHSS) was used by the neurologists to assess the patients on presentation and was rechecked by an experienced stroke physician assistant immediately after admission. Clinical and laboratory information including initial use of statins (HMG-CoA reductase inhibitors) after index stroke, systolic and diastolic blood pressure at admission, lipid profile, blood glucose and HbA1c at presentation, pre-stroke modified Rankin scales, and time interval from stroke onset to presentation, were collected and prospectively entered into the stroke registry database. Statin use was defined as positive if the patients received HMG-CoA reductase inhibitors for more than half of the time interval between the initial and the follow up MRA from the admission day after an index stroke.
Initial and follow-up MRA imaging was performed at our institution using same MRI protocol and 1.5-Tesla MRI scanners (Intera Achieva, Philips Medical Systems, Best, The Netherlands), consisting of three-dimensional (3-D) time-of-flight (TOF) sequences sensitive to arterial flow. On initial assessment, the diagnosis of symptomatic stenosis was made by experienced stroke neurologists and was confirmed by neuroradiologists. To assess the degree of BAS, the vessel was measured at its point of maximal narrowing, and the value was compared with that of a normal section of the basilar artery proximally adjacent to the stenosis using MRA (normal lumen diameter-residual lumen/normal lumen diameter). The BAS was graded as follows: mild (< 50%), moderate (> 50%), and severe (focal signal loss with the presence of a signal of distal basilar or posterior cerebral artery) stenosis, and occlusion. [16] We categorized the degree of stenosis as mild and severe (patients with < 50% and those with moderate stenosis to occlusion, respectively).
Outcome measures
Follow-up MRA evaluations were performed within 12-24 months after an index stroke or the day of a recurrent stroke. As shown in Fig 1, progression was defined as worsening of stenosis by 1 or more grades on the final MRA compared with the baseline MRA, whereas regression was defined as an improvement of stenosis by 1 or more grades. The functional status and new symptoms of each patient were evaluated by the neurologists at an outpatient clinic or by a trained nurse using a structured telephone interview for 12 months after the stroke. The primary outcome was the progression of BAS a determined using an MRA. The occurrence of a recurrent stroke after an index stroke was the secondary outcome. Within 7 days after an index stroke, the systemic causes of clinical deterioration (e.g., infection) or worsening of initial symptoms (e.g., progression or hemorrhagic transformation) were not classified as a clinical recurrence but early neurologic deterioration.
A composite vascular event was defined as the occurrence of recurrent ischemic stroke, transient ischemic attack (TIA), acute coronary syndrome (ACS), or vascular death after an index stroke. TIA was defined based on clinical findings consistent with the occurrence of a stroke that lasted < 24 h without imaging evidence of acute infarction. ACS included any symptoms attributable to the obstruction of the coronary arteries (e.g., myocardial infarction and unstable angina). Vascular deaths included sudden death, death within 30 days of a cardiac event, or any sudden death that was not clearly due to nonvascular causes. The annual rate of clinical events including recurrent stroke and composite vascular events was calculated.
Statistical analyses
All statistical analyses were performed using the statistical package for the social sciences (SPSS) for Windows software (version 21.0, SPSS Inc.). The univariate analysis was performed using Pearson chi-square test, Fisher's exact method, Student's t-test, or the Mann-Whitney U test as appropriate. Continuous variables are expressed as the mean ± standard deviation (SD) or the median (interquartile range, IQR), whereas categorical variables are presented as absolute values and percentages. The outcomes were compared using an X 2 test for categorical variables. All reported p-values are two-sided and were considered statistically significant at < 0.05.
Results
Of the 447 consecutive patients who had an acute ischemic stroke within the territory of the basilar artery, 39 (8.7%) who underwent mechanical embolectomy, stenting, or angioplasty were excluded. Among the 408 patients who underwent TOF-MRA during an index stroke, 218 of them (44.8%) had BAS while 65 patients (14.5%) who did not undergo a follow-up MRA study were excluded. The 153 patients who fulfilled the inclusion criteria and were considered eligible consisted of 114 and 39 in the statin user (after index stroke) and non-statin user groups, respectively. In 39 non-statin users, 3 patients were not given statin less than half of the period of follow up by decision of physician. 26 patients did not administer statin due to low LDL cholesterol level. As shown in Table 1 , no significant differences were noted in terms of age, sex, vascular risk factors, laboratory data, and vital signs except for the previous administration of statin, as well as triglyceride, and high-density lipoprotein cholesterol (HDL) levels, between the two groups. The initial severity of the stroke and vascular stenosis, as well as the initial choice of antithrombotic drug, did not differ significantly between both groups. The mean time interval between the initial and follow-up MRA was 14.6 ± 5.8 months.
Change of arterial stenosis
The changing in the BAS degree based on lipid profile is presented in Table 2 , and 51 of the 153 patients (33.3%) showed a change. Among the patients who were administered a statin after an index stroke, 26 (22.8%) regressed and eight (7.0%) progressed in the degree of BAS (Fig 1) . The rate of progression of the BAS degree was significantly higher in the untreated group than it was in the group treated with statins (p = 0.002). The triglyceride level of the stationary group was significantly higher than that of the group that regressed and progressed group (p = 0.047), but the total cholesterol, triglyceride, HDL, and low-density lipoprotein cholesterol (LDL) levels of all the patients at follow-up were not different. The lipid profiles also did not differ between initial and follow-up values between the two groups. Clinical outcome
During the follow-up period, there were 31 (20.3%) ischemic strokes and 38 (24.8%) composite cardiovascular outcomes (Table 3) . Furthermore, 18 (11.8%) of ischemic strokes were recurrent in the basilar territory. The annual rate of ischemic stroke was 16.6%, recurrent stroke in the basilar territory was 9.1%, and the composite event was 20.4%. In patients with moderate or severe BAS on the initial TOF MRA (> 50% stenosis or occlusion) we found that recurrent stroke in any territory (32.8% vs 10.5%, p = 0.001), recurrence in the same territory (22.4% vs 3.5%, p < 0.001), and composite vascular events (34.3% vs 17.4%, p = 0.016) were significantly more common than they were in patients with mild BAS (< 50% stenosis). In patients on statin therapy after an index stroke, recurrent stroke in any territory (14.9% vs 35.9%, p = 0.05), recurrent stroke in the basilar artery territory (7.9% vs 23.1%, p = 0.011), and composite vascular events (17.5% vs 46.2%, p < 0.001) were significantly lower than they were in non-statin users. Early neurological deterioration within 7 days was not different between the groups. Recurrent stroke in the basilar territory (31.6% vs 8.2%, p = 0.004) and composite vascular events (52.63% vs 20.9%, p = 0.003) were more common in progressed group compared with non-progressed group significantly. Recurrent stroke in any territory (36.8% vs 17.9%, p-value = 0.055) were common in progressed patients, but the difference was not significant.
Discussion
In this study, we investigated the effect of statin therapy on symptomatic BAS, with the aim of developing a preventive management strategy for the progression of BAS incidences that are thought to be related to clinical outcomes of symptomatic BAS. Our results indicate that statin therapy might prevent the progression of symptomatic BAS and reduce clinical events including ischemic strokes in any vascular territory, the same vascular territory, and composite vascular events after an index stroke.
In several previous observational studies, symptomatic intracranial artery atherosclerosis has shown dynamic change with progression and regression occurring in 9%-32.5% and 7.5%-29%, respectively. [9, 19, 20] In our study, the patients on statin therapy showed lower progression rates and higher regression than the patients without statin treatment did. These findings indicate that statins had an effect on basilar artery atherosclerosis. The follow-up MRA after index strokes revealed no significant differences in the regression rate between the groups with and without statin therapy (22.8% and 15.4%, respectively). However, non-statin users showed a significantly higher rate of progression (28.2%) than the treated patients (7%) did. The patients with progression of BAS showed higher incidences of recurrent basilar strokes and composite vascular events than those without progression did, which indicates that statins prevented the progression of stenosis and the occurrence of clinical events in the symptomatic basilar disease.
The plaque characteristics are different between anterior circulation and posterior circulation. [17] Previous studies have found that statin therapy prevent recurrent stroke in the symptomatic intracranial atherosclerosis. [14, 16] These studies include patients with symptomatic atherosclerosis in the anterior circulation or posterior circulation. Symptomatic atherosclerosis in the posterior circulation, especially BA was included less than half in both studies. Therefore, our result indicates the preventive effect of statin therapy on symptomatic BAS.
In the SAMMPRIS study, the management of vascular risk factors includes achieving systolic blood pressure < 140 mmHg, LDL < 70 mg/dL, controlling other risk factors, and the institution of a lifestyle modification program that stabilizes the atherosclerotic plaque and prevents further progression of atherosclerosis. [14] In our study, both progressed and regressed patients showed low LDL< 70 mg/dL during the follow-up exam. The lipid profile result suggests that statins have more than a lipid-lowering effect and may also act on atherosclerotic stenosis.
The prevalence of clinical events in all the patients showed 31 (20.3%) incidences of recurrent stroke in any territory, 18 (11.8%) recurrent strokes in the basilar territory, and 38 (24.8%) composite vascular events. The annual rate of clinical events in our study was higher than previously reported for strokes with intracranial large artery disease. [8, 21, 22] In the study by Kim et al., [21] the annual event rate of symptomatic vertebral artery stenosis was 8.2% of all strokes in any territory, 4.1% of posterior circulation strokes, and 13.7% of composite cardiovascular outcomes.
In another study on BAS disease, the any-territory stroke recurrence, and same-territory stroke recurrence rates were 10.3% and 8.2% per year, respectively. [22] In a subgroup analysis of the WASID trial, the annual rates of clinical events were 15% and 10.7% for any and basilar territory strokes, respectively. [8] Although our study included patients with mild stenosis (< 50%), the annual rate of clinical events was higher than that reported in previous studies. [23, 24] The annual clinical events of the any-territory stroke, same-territory stroke, and composite cardiovascular outcomes in patients with severe stenosis (> 50%) in our subjects were 36.5%, 18.1%, and 38.9%, so the difference was higher. Several studies reported a predisposition for intracranial large artery disease in the Asian population. [23, 24] These results may be associated with differences in race and vascular territory. We reasoned that Asian patients with BAS show poor outcomes and, therefore, stain treatment may be an effective and important strategy.
Patients with severe stenotic basilar disease showed higher incidences of all the clinical events except for early neurologic deterioration within 7 days than other patients did. The degree of stenosis and time from the event is an important predictor of stroke recurrence. [25] Adequate medical therapy to regress the degree of stenosis is necessary, but our results did not show a significantly higher regression rate after statin treatment than before treatment. Noyes et al. reported that the regression of atherosclerotic plaque following statin therapy in studies documenting regression occurred after an average of 19.7 months. [26] Our mean observational period was less than the suggested period and, therefore, the regression rate of BAS may increase when the degree of stenosis is determined after a longer period than used in this study. Therefore, statin therapy might be a potential alternative management strategy for treating symptomatic BAS.
Our study has several limitations that are worth mentioning including the fact that it had a retrospective, small-sized, nonrandomized study design. Clinical and angiographic outcomes were obtained from follow up patients only. Therefore, the patients included in this study may constitute a high-risk group who experienced recurrent strokes after index strokes. Although treatment with anticoagulant and antiplatelet agents does not show a different outcome in large artery atherosclerosis, [27] the lack of standardization of the use of therapeutic agents including dose and duration of antithrombotics and statin within subjects is also a limitation. Due to the small size of our study, we were not able to perform multivariate analysis to comfirm association with outcome and statin therapy. Furthermore, the use of MRA imaging for the evaluation BAS is another limitation of this study. In the recent stroke outcomes and neuroimaging of intracranial atherosclerosis trial, the positive predictive MRA values were lower than those of computer tomographic angiography were. [28] Despite several limitations of our study described above, this study provides clinical effectiveness of statin on intracranial large artery atherosclerotic disease, especially in patients with symptomatic basilar artery stenosis.
The results of this retrospective observational study suggest that statins may prevent the progression of BAS and the recurrence of stroke and other cardiovascular events. Furthermore, it would be expedient to plan randomized clinical trials to confirm the exact effect of statins on symptomatic BAS and to establish an appropriate therapeutic regimen. 
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